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Electroporation is used to induce homologous recombination in the genome of the 
murine  ES  (embryonic  stem)  cells.  Routinelly  subconfluent  ES  cells  are 
recommended to be used in such experiments. Electroporation of immunoglobulin 
specific targeting vectors with different length of homology leads to reduced number 
of selected colonies. The enrichment of double selected colonies is high and thus the 
amount of HM-1 ES cell colonies for the analysis is very low. Here we show that the 
electroporation of confluent HM-1 ES cells leads to an increased amount of simple 
and double selected colonies. 
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Introduction 
  
The homologous recombination is a very rare event that depends on the length of 
homology used for targeting and the grade of cromatin condensation in the targeted 
locus. There are several reports that describe the use of subconfluent ES cells for 
electroporation in order to produce germline chimeras. The immunoglobulin locus 
is not active in the ES cells. Electroporation experiments were conducted to induce 
the homologous recombination in the Ighg1 locus. A large amount of HM-1 ES 
cells  colonies  have  to  be  screen  for  a  rare  homologous  recombination  event. 
Several  targeting  vectores  were  cloned  in  order  to  induce  the  homologous 
recombination in the Ighg1 locus using HM-1 subconfluent ES cells.  
 
 
Materials and Methods  
 
Different replacement vectors designed for gene targeting of the murine Ighg1 gene 
were used in the electroporation experiments: plxend mG1 B/K, plxend3p mG1 
B/K,  plxend3pp  mG1  B/K.  The  cloning  strategy  and  the  cloning  results  were 
described  before  (2).  The  replacement  vectors  were  liniearized  with  NotI  and   12
pheno/ chloroform purified. Gene Pulser II was used to electroporate HM-1 ES 
cells  with  20-50µg  purified  liniarised  plasmid.  The  electroporation  parameters 
were 200V and a capacitance of 500µF. The positive selection was started 48 h 
later using 150-200 µg/ml G418. The negative selection was started at days 5 using 
2µM of ganciclovir. An amount of 10 milliones cells were plated on 4, 10 cm 
gelatinised  culture  plates.  The  number  of  colonie  was  assesed  10-14  after 
electroporation using one stereomicroscope. 
 
Results and Discussions  
 
Five electroporation experiments of HM-1 ES cells with the: plxend mG1 B/K, 
plxend3p mG1 B/K amd plxend3pp mG1 B/K targeting vectors were conducted 
simultaneously. The amount of simple or double selected colonies was counted on 
each plate. The results were presented as mean number of colonies per plate. In the 
figure 1 are shown the electroporation results for the plxend mG1 B/K targeting 
vector after simple and double selection of electroporated HM-1 ES cells. 
 
 
 
Figure  1:  Number  of  colonies  after  electroporation  of  the  plxend  mG1  B/K 
plasmid. 
 
 
Electroporation of the plxend mG1 B/K plasmid led to about 15-30 simple selected 
colonies.  The  amount  of  double  selected  cells  was  highly  reduced,  bellow  5 
colonies per plate. Comparable results of reduced number of colonies per plate and 
high double selection enrichment was observed in electroporation experiments of 
the plxend3p B/K and plxend3pp B/K liniarised plasmids.   13
              
 
Figure 2: Number of colonies after electroporation of the plxend3p mG1 B/K and 
plxend3pp mG1 B/K targeting vectors. 
 
Electroporation  of  the  plxend3p  mG1  B/K  plasmid  led  to  about  15-30  simple 
selected colonies per plate. The amount of double selected cells was highly reduced 
up to 2 colonies per plate. Electroporation of the plxend3pp mG1 B/K plasmid led 
to about 10- 35 colonies simple selected per plate. The amount of double selected 
cells was highly reduced up to 3 colonies per plate. 
The  identification  of  one  homologous  recombination  event  in  the  Ighg1  locus 
implies  the  screening  of  many  colonies.  Further  experiments  were  designed  to 
determine the best moment for the electroporation of the HM-1 ES cells. Same 
replacement vectors, specific for the Ighg1 locus: plxend mG1 B/K, plxend3p mG1 
B/K and plxend3pp mG1 B/K were electroporated simulateously to one control 
vector (martor), known to produce large amount of colonies. Three electroporations 
per plasmid were conducted at an interval of 12 hours between the experiments. 
The  confluence  of  the  cells  was  assesed  under  steromicroscope.  For  the  first 
electroporation  subconfluent  cells,  about  80%,  were  used.  The  variation  of  the 
number  of colonies  within  the  three  different time points  was  presented in the 
figure 3.     
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Figure 3: Influence of the HM-1 ES cell confluence on the amount of colonies. 
 
As described in the figure 3 the mean amount of colonies identified per G418 
simple selected plate was comparable between the three different targeting vectors 
but was lower compared to the control targeting vector. There was an increase in 
the amount of colonies per G418 plate from 33 to 112 for the plxend mG1 B/K, 
from 24 to 121 for the plxend3p mG1 B/K and from 44 to 101 for the plxend3pp 
mG1 B/K. The amount of colonies was lower compared to the control vector. In 
the control experiment the amount of colonies per plate increased from 91 to 160 
colonies between the subconfluent and confluent phase. 
The amount of colonies per plate decresed 12 h later as follows: 34 for the plxend 
mG1 B/K, 46 for the plxend3p mG1 B/K and 46 plxend3pp mG1 B/K compared to 
31 for the control plasmid. The result shows that the integration of the targeting 
vector into the genome of the electroporated ES cells is influenced by the density 
of the plated HM-1 ES cells.  
 
Conclusions 
  
Electroporation of immunoglobulin specific targeting vectors with different length 
of  homology  leads  to reduced  number  of selected colonies. The  enrichment of 
double selected colonies is high and thus the amount of HM-1 ES cell colonies for 
the analysis is very low. Here we show that the electroporation of confluent HM-1 
ES cells leads to an increased amount of simple and double selected colonies. 
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